Objectives: To evaluate associations among hospital volume, costs, and length of stay (LOS) and to assess whether reduced hospital cost of care adversely affected quality of care.
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HE INCIDENCE OF GASTRIC
cancer is decreasing worldwide; however, it remains a common cancer type in developed countries. 1 In South Korea, gastric cancer is the most common type of cancer and is second only to lung cancer in cancer mortality. 2 Thus, almost 16 000 gastrectomies are performed annually, at a cost in 2008 of more than $70 000 as payment for insurancecovered services. Furthermore, gastric cancer treatment is responsible for a large portion of medical expenses, accounting for 14% of all cancer-related payments for insurance-covered services. 3 As the number of gastrectomies increases, interest is growing regarding hospital factors that result in better outcomes. Although the number of resections performed at a hospital cannot be a direct indicator of outcome, the need for monitoring surgical quality in hospitals with lower procedure volume has arisen because a previous report 4 from the United States demonstrated that a lower number of operations at a hospital is associated with lower surgical quality. In fact, a high possibility of qualitative differences in outcomes exists during 1 year between low-volume and high-volume hospitals, defined as those that have performed 10 and 200 gastrointestinal operations, respectively. All patients desire high-quality service in a hospital. Two ways to enable this outcome would be for medical institutions to invest dedicated efforts toward improving service quality and to provide evidence-based information to aid patients in choosing high-quality hospitals with lower costs. 5 Assessment of outcomes is critical for evaluating medical services for patients with cancer. 6, 7 Outcome end points help prevent decisions made regarding reputation only, allowing consumers to choose more qualified health care professionals, which, over time, will lead to positive changes in the overall quality of care provided as improvements are implemented. Thus, outcome assessment can re-veal the quality of services provided by health care professionals and help determine the effectiveness of treatment. For these reasons, some countries use outcome indicators for cancer operations as an criterion for evaluation of the quality of care provided by medical institutions. 8 Although the primary impetus for this effort is to reduce mortality rates, many also assume that high-volume hospitals will provide surgical procedures at lower cost than low-volume hospitals due to more favorable economies of scale. 9, 10 Although previous studies 4, [11] [12] [13] [14] have examined the relationship between hospital volume and costs, only a few have examined this relationship for gastrectomy, and none have examined volume and cost data for gastrectomy in an Asian population, to our knowledge. Other studies have examined the relationship between volume and length of stay (LOS). High volume in hospitals is generally associated with shorter LOS, but this relationship is based on relatively old data or information obtained from individual states, making it difficult to generalize. 4, [12] [13] [14] In this study, we used the National Health Insurance (NHI), a South Korean national administrative database, to examine the relationship between hospital volume and total cost and LOS, after adjusting for demographic characteristics and hospital-level variability of patients undergoing gastrectomy. We also assessed the extent to which resource use is associated with 1 measure of quality of care for gastrectomy, the hospital standard mortality ratio (HSMR; observed mortality to expected mortality).
METHODS
DATABASES
Using NHI claims data, which cover almost the entire South Korean population of 48 431 000, we identified patients who had undergone gastrectomy from January 1, 2002, through December 31, 2005 . The government of South Korea had launched a compulsory NHI program for the entire population in 1989, so the program has unique claims data for medical services. These data included only the payments for insurance-covered services. The NHI data also include patient sociodemographic information, such as sex, age, monthly NHI premium, the residential area of all health services facilities visited, comorbid diseases, and other health-related information, such as specific surgical procedures performed and course of admission.
PATIENTS AND PROCEDURES
The admission for each patient in our analysis who underwent gastrectomy was identified using appropriate procedure codes from the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM). 15, 16 Gastrectomy procedures included in the analysis included partial and total gastrectomy.
To ensure that our data included only gastrectomies and to increase the homogeneity of the study sample, we excluded patients whose files did not contain an accompanying cancer code related to the indexed procedure in the primary diagnosis. Secondary diagnostic codes were abstracted to enumerate comorbid conditions according to the Charlson comorbidity index, which has been validated as a favorable instrument to predict clinical outcomes, costs, and use of resources. 17, 18 The monthly NHI premium is income based and serves as a reasonable proxy for income. The route of admission separated patients into emergency or nonemergency categories based on admission from the emergency or the outpatient department. All variables were coded as being of the categorical or dummy type.
OUTCOME MEASURES
The outcome variables were costs and mean LOS. These variables were used to compare the relative use of resources among hospitals that performed differing volumes of cancer procedures. In this study, costs were defined as the cost per episode for surgery and were adjusted for inflation to 2005 premiums using the NHI Corporation Input Price Indices. 19 For the index admission, the LOS was defined as the period from the index procedure to hospital discharge. We also examined HSMRs as an indicator of gastrectomy care quality. These ratios were calculated as the ratio of the actual number of gastrectomy deaths at each hospital to the expected number of deaths, multiplied by 100. The ratio is adjusted for other factors that affect mortality, such as age, sex, duration of hospital stay, admission course, principal diagnosis, and comorbidities.
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HOSPITAL VOLUME
The number of procedures performed at each hospital from 2002 to 2005 was determined using a unique hospital identification code. We assessed hospital volume by calculating the total number of each type of procedure performed at a given hospital during the 4-year study period. Because we had access to a nationwide database that included almost the entire South Korean population, we were able to count the actual number of hospital procedures performed at each hospital. For each procedure, the hospitals were first ranked in order of increasing total volume as a continuous variable, after which volume cutoff points were selected to create volume groups with approximately equal numbers of patients. This method is consistent with those used in previous studies. 21, 22 Hospital volume was stratified into quartiles (very high, high, low, and very low volume).
STATISTICAL ANALYSES
Descriptive analyses were performed to clarify the distributions of patient demographics, hospital volumes, and economic outcomes. The differences in patient characteristics were compared across hospital volume groups using the 2 statistic for categorical variables. Bivariate analyses with analysis of covariance (Bonferroni procedure) were performed to determine differences in costs and LOS among the 4 groups. Associations between costs and HSMRs were determined by calculation of correlation coefficients (Pearson r).
We used multiple regression to examine the relationship between hospital volume and economic outcome (a continuous variable) after adjusting for patient demographics and clinical information. For each outcome, a series of multiple regression models examined the degree to which our study variables mediated the volume-to-outcome relationship for hospitals. In the process of regression modeling, we tested all demographic and clinical hospital variables. Final regression models included all the original variables that were significant predictors of the outcome or that improved the model fit. Preliminary analyses showed that the distributions of economic outcome indicators (costs and LOS) were skewed substantially to the right, thus violating the normality assumption of our regression model. Accordingly, we performed a natural log transformation to achieve a more normal distribution. All statistical analyses pertaining to costs and LOS were based on the log-transformed data. PϽ.05 was deemed to indicate statistical significance. Data analyses were performed using SPSS statistical software, version 12.0 (SAS Institute Inc, Cary, North Carolina).
RESULTS
PATIENT CHARACTERISTICS AND CLINICAL INFORMATION
Between 2002 and 2005, 48 938 patients underwent gastrectomy at 274 hospitals. Table 1 gives the distribution of patient characteristics by hospital volume.
Patients undergoing gastrectomy had a mean age of 58 years, and 32 902 (67.2%) were men. The 4 groups were similar with respect to age and sex. Patients treated at very low-volume hospitals were the most likely to have the lowest monthly insurance premiums (30.5%; Ͻ28 010 won [$25.06]); patients treated in very high-volume hospitals had the lowest percentage (19.3%) of individuals with the lowest premiums. Similarly, residents of rural areas were more likely to undergo surgery at a lowervolume hospital than were residents of metropolitan areas. Furthermore, patients at higher-volume hospitals were more likely to undergo elective surgery, and patients with a comorbidity index score of greater than 2 tended to be more prevalent. Finally, most patients undergoing gastrectomy at teaching hospitals were in metropolitan areas and private hospitals with more than 699 beds. Significant differences in case mix were found among the hospital volume groups in all case mix variables.
COSTS
Increased hospital case volume was associated with improvement in 2 outcome measures (Figure 1) . After adjusting for case mix, results showed a statistically significant association between volume and mean cost for total and partial gastrectomy (PϽ.001). The mean costs for both procedures were significantly higher at very low-volume hospitals than at very high-volume hospitals ($5011 vs $3609 and $3532 vs $2578, respectively; PϽ.001). Table 2 gives the regression estimates of the cost differences for the 2 procedures by hospital volume, adjusting for patient and hospital characteristics. Lowvolume, high-volume, and very high-volume hospitals performed gastrectomies at lower cost than did very lowvolume hospitals (PϽ.001). Although the addition of patient demographics, clinical characteristics, and hospital characteristics partly explained the association between hospital volume and costs, very high-volume hospitals maintained their association with decreased costs in the fully adjusted regression model.
Regression analysis revealed that independent predictors of higher costs included male sex, older age, metropolitan residence, emergency admission, Charlson score greater than or equal to 2, private ownership of hospital, metropolitan hospital location, teaching hospitals, and hospitals with fewer than 500 beds ( Table 3 ). In the cost regression model, high-volume and very high-volume hospitals showed significant effects. The explanatory power of the regression model was 62.1%, after adjusting for all included variables.
LENGTH OF STAY
The case mix-adjusted LOS was reduced in the very highvolume group compared with the very low-volume group according to procedure (Figure 1 ). The mean LOS was shorter for partial gastrectomy (13.63 days) than for total gastrectomy (24.59 days). In general, patients who underwent total gastrectomy had longer mean LOS than those who underwent partial gastrectomy. Statistically significant associations between volume and LOS were found for both procedures (P Ͻ.001). Table 2 gives the regression estimates of LOS differences for the 2 procedures according to hospital volume, after adjustment for patient and hospital characteristics. Patients in low-volume, high-volume, and very highvolume hospitals had significantly lower LOS than did patients in very low-volume hospitals (PϽ.001). Although the addition of patient demographics, clinical characteristics, and hospital characteristics partly explained the association between hospital volume and LOS, very highvolume hospitals maintained their association with decreased LOS in the fully adjusted regression model.
Multiple regression analysis revealed that independent predictors of longer LOS included female sex, greater age, low insurance premium, nonmetropolitan resi- dence, routine admission, Charlson score greater than or equal to 2, public ownership of hospital, metropolitan hospital location, nonteaching hospitals, and hospitals with fewer than 500 beds (Table 3 ). In the LOS regression model, hospital volume consistently showed statistically significant effects. The explanatory power of the regression model was 54.6% after adjusting for all included variables.
COSTS AND HSMRs
We examined the relationship between the mean cost of hospital treatment and HSMR to determine whether a systematic relationship between cost and quality of care exists. No association was found between cost and HSMR (correlation coefficient, 0.02; P =.80; Figure 2 ).
COMMENT
Our results suggest that although gastrectomy is performed with a high degree of safety within the South Korean health care system, certain hospital factors, such as volume, are associated with inverse economic outcomes. This study serves as a reminder that hospital volume is an important predictor of economic outcomes, consistent with previously published data. 13, 23, 24 Specifically, patients treated at very high-volume hospitals had lower costs and shorter LOS compared with those treated at very low-volume hospitals after case mix adjustment. Patient characteristics (eg, sex, monthly insurance premium, and residential area), clinical characteristics (eg, admission course and Charlson score), and hospital characteristics (eg, ownership, number of beds, and teaching status) were all associated with cost and LOS. Abbreviation: LOS, length of stay. a The reference groups for categorical variables were male sex, insurance premium higher than 74 720 won, metropolitan residential area, emergency admission, Charlson score of 0, private hospital ownership, metropolitan hospital location, more than 699 beds, nonteaching hospital, year 2002, and very low volume.
b Insurance premium used as a proxy for socioeconomic status; at current rate of exchange, 28 010 won=$25.06 and 74 720 won=$66.85. We also explored whether hospital care cost was associated with better outcomes. We found no correlation between costs and 1 measure of gastrectomy care quality, namely, hospital standardized mortality rates. These findings are consistent with a recent study 25 that used data from national databases to examine hospital cost and quality of care for 2 common diagnoses (congestive heart failure and pneumonia) and found that mortality rates in highervolume hospitals were low, suggesting that lower-cost hospital care is not necessarily lower in quality. When considered with our current findings that costs and LOS were lower in higher-volume hospitals, these data suggest that high-quality care can be delivered at lower costs in highvolume hospitals. However, Chen et al 25 targeted internal medicine procedures, in which the bulk of the care, examinations, and medication do not contribute much to costs. By contrast, our study targeted surgical operations, which are relatively resource intensive and costly, providing strong evidence that high-quality care can be delivered at low cost.
In our analysis of the association among hospital volume, costs, and LOS, we found that after adjustment for various patient, clinical, and hospital factors, very highvolume hospitals have lower costs and shorter LOS than do very low-volume hospitals. This finding may be explained by the learning effect theory, which states that increasing the number of treatments can lead to a reduction in costs and LOS for the treatment in question due to improved efficiency in early medical decisions and that hospitals with high volumes have fewer complications, leading to shortened LOS. 13, 22, 26 However, in addition to these factors, per standard practice in the South Korean medical system, high-volume hospitals have a tendency to switch hospital care to home care through early discharge to increase bed turnover rate, which appears to have contributed to the decreased LOS in high-volume hospitals, which, in turn, lowers costs.
Multivariate regression was used to rank variables according to their strength of association with the outcome. Greater age, increased Charlson score, and hospitals with fewer beds were significantly associated with higher costs and longer LOS. Initially, we expected costs and LOS to be low for populations with low socioeconomic status, but this study showed that such populations are associated with decreased costs and increased LOS. This finding may be explained by the fact that gastric cancer is more common in the population with the lowest socioeconomic status and that most of those individuals undergo operations in public hospitals.
It is a commonly held belief that hospital ownership (ie, public or private) is a major factor in determining the type of treatment and in the finding that treatment costs are lower at public hospitals. We show herein that costs are lower and LOS is longer at public hospitals. The longer LOS may reflect attempts to maintain hospital income by increasing bed occupation; public hospitals have a greater probability of longer hospitalization for the same operation. Furthermore, higher costs and longer LOS are found in highly competitive metropolitan hospitals. This finding may be due to larger staffs and more services, both of which require large capital expenditure. 27 Hospitals with similar costs or LOS may differ in the ways that resources are used during hospitalization, and intensity of care is known to differ between teaching and nonteaching hospitals. 28 In general, patients treated at teaching hospitals tend to receive more diagnostic tests and to spend more time in the intensive care unit. 24 Thus, teaching hospitals have higher costs than do nonteaching hospitals. In addition, large portions of teaching hospitals belong to tertiary hospitals. Therefore, it is likely that patients are discharged immediately once acute care is completed to maximize benefits, which explains the relatively short LOS in teaching hospitals.
Gastric cancer is not an acute disease and generally does not require emergency surgery. However, emergency surgery is necessary when significant hemorrhage in the cancerous lesion or peritonitis due to gastric perforation occurs. For this reason, the average LOS was first estimated to be long in patients who received treatment after emergency admission. However, LOS was shorter than expected in this population. Our findings suggest that this result may occur because patients had undergone all examinations in the emergency department. In most cases, although patients received treatment for gastric cancer, emergency admissions occurred because of intestinal infectious diseases, malnutrition, and hypertensive disease.
Costs increased and LOS decreased over time. This finding seems to occur because of the introduction of newer drugs and improved surgical and diagnostic techniques, which are more expensive but result in shorter LOS. 24, 29 Our study had some limitations. First, we used an administrative claims database that lacked information regarding cancer-specific clinical severity, such as disease stage and tumor size; thus, some residual confounding as a result of these covariates is possible. 30, 31 However, we minimized this problem by only including patients who received major gastrectomy; thus, the study participants were likely to have similar cancer stages. Second, because the study was based on limited cross-sectional research using data from 2002 to 2005, the generalizability of the observed relationships is limited. Therefore, it is necessary to confirm our findings with further studies across different periods and in-depth serial research over time. Despite these limitations, our results have important implications from a health policy perspective. To our knowledge, our study is the first population-level description of economic outcomes and of the factors, including volume, that affect costs and LOS after gastrectomy. In addition, this study provides a basis for cost-effective improvements in surgical intervention in gastric cancer treatment. Finally, our data provide useful information regarding costs and treatment quality for patients selecting a hospital for gastrectomy.
ONLINE FIRST INVITED CRITIQUE
Searching for True Costs and Outcomes in Surgical Care
L ee and associates observe that high-volume hospitals have lower costs and shorter LOS than lowvolume hospitals for partial gastric resections in patients with gastric cancer. By using ratios of observed to expected death rates, they conclude that outcomes are equal across hospital size but lower costs justify gastrectomy being performed only at high-volume hospitals.
But do the metrics used in the study truly measure cost and quality of a surgical episode when only in-hospital expenditures and inpatient death rates are examined?
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